TITLE OF THE INVENTION 

THIN-FILM MAGNETIC HEAD WITH TUNNEL MAGNETORE SI STIVE 
EFFECT ELEMENT 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to a thin-film magnetic 
head with a tunnel magnetoresistive effect (TMR) element. 

Description of the Related Art 

It has been demanded to enhance reading performance of 
a thin-film magnetic head with increase in a disk recording 
density of a hard disk drive (HDD) . To satisfy such demand of 
enhancement in the reading performance, widely used is a 
magnetoresistive effect (MR) head provided with an MR read 
head element or a giant magnetoresistive effect (GMR) head 
with a GMR read head element . 

In fabricating such MR head or GMR head, since the 
dimension of the head element namely the MR or GMR element is 
small whereas the dimension of electrode terminals 
electrically connected to the MR or GMR element is large, 
electrostatic discharge may occur to pass electrical charges 
through the MR or GMR element causing the element to 
deteriorate or damage. 

To prevent such electrostatic damage of the head 
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element, Japanese patent publication NO.10233011A discloses a 
magnetic head provided with a resistor element of 500 Q to 10 
kQ connected between lead conductors or electrode terminals 
of an MR element or GMR element for feeding the electrostatic 
charges there through. 

Recently, a TMR head with a TMR element, which can 
deliver two or more times the MR ratio of the GMR head is 
aggressively developed. The TMR head has a fundamentally 
different structure from that of the MR head and the GMR head. 
For example, in the TMR element, there is an insulation 
barrier layer and the sense current flows in a direction 
perpendicular to planes of laminated layers. Thus, the TMR 
head has considerably different characteristics from that of 
the MR head and the GMR head. For example, although the MR 
head and the GMR head have element resistances of about 10-50 
Q, the TMR head has a higher element resistance than them by 
an order of magnitude. 

In order to achieve higher recording density, recent 
magnetic heads are required to have a narrower track width and 
a lower height causing the element resistance of the TMR 
element to more increase. With the increase in the element 
resistance of the TMR element, the cutoff frequency thereof 
decreases and therefore it is difficult to comply with the 
high recording density. 

It is known that a withstand voltage of the TMR element 
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with the current size (element width and element height) is 
lower than that of the GMR element with the same size. 
Therefore, if the element size of the TMR element reduces, not 
only breakdown of the element may easily occur but also its 
applicable margin will be lowered due to the reduced current 
capacity that is caused by increase in the element resistance 
and by decrease in the breakdown voltage. Furthermore, in 
case that the element size of the TMR element reduces, 
resistance variation between the TMR elements will be easily 
induced even if they are fabricated under the same precision. 
This variation in element resistance becomes a serious problem 
in the manufacturing of a TMR head. 

For such TMR head, it is impossible to prevent electro- 
static destruction (ESD) with reliability even if a resistor 
element with a resistance value of 0.5-10 k£2 is connected in 
parallel with the TMR element as described in Japanese patent 
publication No. 10233011A, or a resistor element with a higher 
resistance value of 5-100 kQ is connected in parallel with 
the TMR element. Also, if the resistor element connected in 
parallel with the TMR element has a high resistance value as 
described in Japanese patent publication No. 10233011A, an 
apparent resistance value of the TMR head that is a combined 
resistance value Rtotal of a resistance value of the TMR element 
and a resistance value of the connected resistor element 
becomes high causing the cutoff frequency of the TMR head to 
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prevent from increasing. 

BRIEF SUMMARY OF THE INVENTION 

It is therefore an object of the present invention to 
provide a thin- film magnetic head with a TMR element, whereby 
ESD of the TMR element can be prevented from occurring and a 
cutoff frequency thereof can be increased. 

According to the present invention, a thin -film 
magnetic head includes a TMR element and a resistor element 
connected in parallel with the TMR element. A resistance 
value R™r of the TMR element itself is Rtmr 2> 240 Q, a product 
RA of the resistance value of the TMR element and a cross - 
sectional area of the TMR element is RA ^ 3 Q |jun 2 , and a 
resistance value R PA ra of the resistor element is R PA ra ^ 480 Q. 

Also, according to the present invention, a thin-film 
magnetic head includes a TMR element and a resistor element 
connected in parallel with the TMR element. A resistance 
value Rtmr of the TMR element itself is Rtmr s= 240 Q, a product 
RA of the resistance value of the TMR element and a cross - 
sectional area of the TMR element is RA ^ 3 Q urn 2 , and a 
combined resistance value Rtotal of the resistance value Rtmr of 
the TMR element and a resistance value of the resistor element 
is Rtotal ^ 160 Q. 

From a view point of reliability under operating 
environments of the TMR head, 300 mV or more breakdown voltage 
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of the TMR element is required. If determined as RA 2> 3 Q>im 2 , 
this requirement can be satisfied. Also, if determined as 
Rtotal ^ 160 Q, a cutoff frequency at 1 GHz or more can be 
achieved. Since the optical track width W^r of a high 
recording density capable TMR head is W^r <; 0.11 \m and an 
element height W H thereof is W H ^ 0.11 (jun, the resistance value 
Rtmr of the TMR element itself becomes Rtmr a 240 Q if RA ^ 3 
Q jim 2 . In this case, the resistance value R PA ra of the resistor 
element is set as R PARA «s 480 Q. Under these conditions, if 
the parallel resistor element is provided, both of mutually 
contradict requirements, that are prevention of ESD of the TMR 
element and increase in cutoff frequency of the TMR head, can 
be satisfied. 

It is preferred that the thin- film magnetic head 
further includes an upper electrode layer and a lower 
electrode layer connected to the TMR element, and that the 
resistor element is formed between the upper electrode layer 
and the lower electrode layer. 

It is also preferred that the thin-film magnetic head 
further includes electrode terminals and lead conductors 
connected between the TMR element and the electrode terminals, 
and that the resistor element is formed between the lead 
conductors . 

It is further preferred that the TMR element further 
includes a multi-layered structure of an under layer, a 
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pinning layer, a pinned layer, a tunnel barrier layer and a 
free layer which are sequentially laminated. 

Further objects and advantages of the present invention 
will be apparent from the following description of the 
preferred embodiments of the invention as illustrated in the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 

Fig. 1 shows an oblique view schematically illustrating 

a configuration of a TMR element part of a TMR head as a 

preferred embodiment according to the present invention; 

Fig. 2 shows a sectional view illustrating a layer 

structure example of the TMR element in the embodiment of Fig. 

1; 

Fig. 3 illustrates characteristics of a breakdown 
voltage of the TMR element with respect to a product RA of a 
resistance value R^mr of the TMR element itself and a sectional 
area of the TMR element; 

Fig. 4 illustrates characteristics of a cutoff 
frequency of the TMR head with respect to an apparent 
resistance value of the TMR element; 

Fig. 5 illustrates characteristics of a resistance 
value of the resistor element R PAR a with respect to the 
resistance value Rtmr of the TMR element itself; and 

Fig. 6 shows an elevation view schematically 
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illustrating a configuration of a TMR head seen from its 
element -forming surface as another embodiment according to the 
present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Fig. 1 schematically illustrates a configuration of a 
TMR element part of a TMR head as a preferred embodiment 
according to the present invention, and Fig. 2 illustrates a 
layer structure example of this TMR element. 

In Fig. 1, reference numeral 10 denotes a lower 
electrode layer, 11 denotes an upper electrode layer, 12 
denotes a TMR multilayer sandwiched between the lower and 
upper electrode layers 10 and 11, and 13 denotes a resistor 
element electrically connected across the lower and upper 
electrode layers 10 and 11 in parallel with the TMR multilayer 
12 , respectively. 

As shown in Fig. 2, the lower electrode layer 10 that 
also serves as a magnetic shield layer is laminated on an 
insulation layer 14. On the lower electrode layer 10, the TMR 
multilayer 12 with a multi-layered structure of an under layer 
12a, a pinning layer 12b, a pinned layer 12c, a tunnel barrier 
layer 12d and a free layer 12e which are sequentially 
laminated is formed. On the TMR multilayer 12, a cap layer 15 
and the upper electrode layer 11 that also serves as a 
magnetic shield layer are laminated. An insulation layer 16 
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is formed to surround the TMR multilayer 12 and the cap layer 
15. 

A resistance value Rtmr of a TMR element itself that 
includes the above-mentioned TMR multilayer 12 is Rtmr s> 240 Q, 
a product RA of the resistance value R^r of the TMR element 
itself and a cross -sectional area of the TMR element is RA s 3 
Qym 2 . a combined resistance value Rtotal of the resistance 
value Rtmr and a resistance value R PARA of the resistor element 
13 is Rtotal ^ 160 Q, and the resistance value R PA ra of the 
resistor element 13 is Rpara ^ 480 Q. 

These numerical values are derived from the following 
grounds . 

Fig. 3 illustrates characteristics of a breakdown 
voltage Vbd of the TMR element with respect to a product RA of 
the resistance value Rtmr of the TMR element itself and a 
sectional area of the TMR element. 

In the TMR element, due to the characteristics of the 
tunnel barrier layer 12d, the breakdown voltage Vbd of the TMR 
element becomes higher with the increase in the product RA. 
Therefore, from a view point of reliability, higher RA is 
desired. 

In concrete, the breakdown voltage of the TMR element 
is 320 mV at RA = 3 Q'\xm 2 9 Therefore, if determined as RA ^ 3 
Q^im 2 , requirements for the breakdown voltage of the TMR 
element under operating environments, that is 300 mV or more 
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breakdown voltage, can be sufficiently satisfied. 

Fig. 4 illustrates characteristics of a cutoff 
frequency of the TMR head with respect to an apparent 
resistance value of the TMR element, where a capacitance value 
of the TMR head is set as 1 pF. 

Output gain of the TMR head lowers when the recording 
frequency is close to the cutoff frequency of the TMR head, 
and the output of the TMR head is limited when exceeds the 
cutoff frequency causing the head output performance to 
deteriorate. Thus, it is required that the cutoff frequency 
is enough higher than the operating frequency region of the 
TMR head. As is well-known, the cutoff frequency fcut is 
defined as fcut = 1 / (2rtRC), where R represents an apparent 
resistance value of the TMR head and C represents a 
capacitance value of the TMR head. 

Future TMR head will be required to have a narrower 
track density so as to comply with high recording density, and 
thus it is necessary to operate at 1 GHz at minimum. 
Therefore, the cutoff frequency should be 1 GHz or more. From 
Fig. 4, in order to make the cutoff frequency at 1 GHz or more, 
the apparent resistance value of the TMR head should be about 
160 Q or less. 

As aforementioned, it is desired that the TMR head has 
a larger RA to improve the breakdown voltage. Contrary to 
this, a lower apparent resistance value of the TMR head is 
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desired to improve the cutoff frequency. Therefore, in order 
to satisfy both of these requirements, the resistor element is 
connected in parallel with the TMR element of the TMR head so 
that the apparent resistance value of the TMR element, namely 
the combined resistance value Rtotal of a resistance value of 
the TMR element itself and a resistance value of the 
resistance element, becomes as Rtotal ^ 160 Q, and that the 
product RA of the resistance value Rtmr and a cross-sectional 
area of the TMR element becomes RA ^ 3 Q*(im 2 . Since the 
optical track width Wtmr of a high recording density capable 
TMR head is Wtmr <; 0.11 \mi and an element height W H thereof is 
W H =£ 0.11 \m f the resistance value Rtmr of the TMR element 
itself becomes Rtmr ;> 240 Q in case of RA ^ 3 Q'nm 2 . 

Fig. 5 illustrates characteristics of a resistance 
value of the resistor element R PARA with respect to the 
resistance value Rtmr of the TMR element itself, where the 
cutoff frequency is 1 GHz and therefore the combined 
resistance value Rtotal of a resistance value of the TMR element 
and a resistance value of the resistance element is constant 
Q-S Rtotal = 160 £2 • 

As will be noted from this figure, in case of Rtmr s» 240 
Q and Rtotal ^ 160 Q, the resistance value of the resistor 
element 13 R PARA becomes as R PARA <; 480 Q. Under this condition, 
both the cutoff frequency and the breakdown voltage can be 
improved . 
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Fig. 6 schematically illustrates a configuration of a 
TMR head seen from its element -forming surface as another 
embodiment according to the present invention. 

In this embodiment, a resistor element 63 is connected 
between lead conductors 67 and 68 in parallel with the TMR 
element. These lead conductors 67 and 68 electrically connect 
the TMR element with electrode terminals 69 and 70. In 
modifications, a resistor element may be connected between the 
electrode terminals 69 and 70 in parallel with the TMR element. 

Another configurations, operations and advantages of 
this embodiment are substantially the same as those of the 
embodiment of Fig. 1. 

< 

According to the present invention, structures of the 
TMR element and the resistor element are not limited to the 
above-mentioned embodiments and modifications but other 
various structures can be of course applicable. 

Many widely different embodiments of the present 
invention may be constructed without departing from the spirit 
and scope of the present invention. It should be understood 
that the present invention is not limited to the specific 
embodiments described in the specification, except as defined 
in the appended claims. 
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